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VEHICLE ENGINE COOLING SYSTEM
WITH VARIABLE SPEED WATER PUMP

BACKGROUND OF INVENTION

The present mvention relates to a cooling control system
and a cooling control method for cooling an engine of, for
example, a vehicle.

Conventionally, in a vehicle engine, a cooling circuit
employing a radiator 1s used to remove excess heat from the
engine, maintain a constant operating temperature, Increase
the temperature 1 a cold engine quickly, and heat the
passenger compartment. The cooling circuit includes a
coolant, which 1s typically a mixture of water and anti-freeze
(such as ethylene glycol). The cooling circuit includes a
water (i.e. coolant) pump that is powered via the crankshaft
of the engine, usually through a pulley and belt assembly or
ogear set connected between the crankshait and the pump, so
its speed varies with the speed of the engine. The water
pump 1s typically an impeller or centrifugal pump that forces
coolant through the engine, hoses, radiator, and other system
components. Also, when 1t 1s desirable to heat the passenger
compartment, 1t pumps coolant through a heater core. When
the engine 1s started cold, the coolant 1s below the optimum
temperature for engine operation and 1t does not contain
enough heat for transferring to the passenger compartment.
In order to more quickly warm up such an engine system,
then, a thermostat 1s used to restrict the low of coolant to the
radiator until the coolant 1s up to the desired temperature
range. Once up to temperature, the coolant 1s routed through
the radiator to assure that the temperature 1s maintained in
the desirable range, and can be routed through the heater
core to heat the passenger compartment.

One drawback to conventional water pump systems 1s that
the flow rate of coolant 1s controlled by engine speed, not by
the amount of cooling that the cooling system needs.
Therefore, there 1s no way to optimize engine thermal
management using a mechanical water pump alone. For
example, when an automobile leaves a hichway and enters
city traffic, the engine speed and radiator cooling capability
may not be adequate to cool the engine block 1n a timely
manner. This could result 1n damage to vital engine com-
ponents. Consequently, while this conventional type of
cooling system 1s straight forward and relatively easy to
implement, 1t 1s not very good at providing the optimum
cooling for the particular engine and vehicle operating
conditions—particularly since the water pump 1s only a
function of the engine speed, not any other factors important
to maintaining the desired coolant temperature.

In order to 1mprove the heat transfer efficiency of the
radiator, these conventional types of systems also employ an
engine fan, mounted adjacent to the radiator, to draw air
through the radiator in order to better cool the coolant. The
radiator fan 1s typically powered via the pulley driving the
water pump or an electric motor. The pulley driven fan
suifers from the same drawbacks as the pulley driven pump,
while the motor driven fan, even though it operation 1s more
flexible, adds to the electrical power load on the vehicle.

More recently, advanced engine cooling systems have
been developed that will more precisely control the engine
cooling. A more advanced system may be, for example, a
system and method as described 1n U.S. Pat. No. 6,374,780,
assigned to the assignee of this application, and incorporated
herein by reference. These newer systems take 1nto account
additional factors that influence both what the desired cool-
ant temperature 1s and how 1t 1s achieved. Such a system
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might include a radiator that receives the coolant flowing out
of the engine, cools the coolant and returns it to the engine;
a bypass circuit for making the coolant flowing out of the
engine bypass the radiator when the coolant is below the
desired temperature; a fan that 1s driven by a motor so that
its speed can be controlled to be optimum for the particular
engine and vehicle conditions (independent of the engine
speed); an electronically controlled flow rate control valve
(or valves) for regulating the percentage of coolant bypass-
ing the radiator; and a water pump that 1s either conven-
tionally driven via the crankshaft or by an electric motor,
with the pumping rate of the electric motor controlled water
pump precisely controlled to provide a desired coolant flow
rate for the particular engine and vehicle operating condi-
tions. Thus, the engine cooling system can be precisely
controlled and the heating, ventilation and air conditioning
(HVAC) performance optimized by controlling the coolant
mass flow rate, the air mass flow rate, and the coolant flow
path by one overall control strategy.

However, these advanced engine cooling systems have a
drawback 1n that they require substantially more electric
power consumption than the conventional systems. The
clectrically controlled valve, electrically controlled Water
pump, and when employed, the electrically controlled fan all
draw additional electrical power. Moreover, many additional
clectronic components are typically found on modern
vehicles, which pushes the limit on the electrical current
available from the vehicle charging system. This 1s particu-
larly a concern with vehicle charging systems employing a
conventional 12V electrical system rather than a high volt-
age system, such as 42 volts. And, 1 particular, pick-up
trucks, sport utilities and other larger vehicles 1n the light
vehicle class that run on 12 volts require more electrical
power for the fan and water pump than typical passenger
cars, so the current draw 1s even greater.

Thus, it 1s desirable to have an engine cooling system that
overcomes the drawbacks of the conventional systems,
while minimizing the additional electrical power needed to
operate this system.

SUMMARY OF INVENTION

In 1ts embodiments, the present invention contemplates a
cooling system for controlling the temperature of an engine,
with the engine having a rotating member. The cooling
system 1ncludes a radiator, and an accessory drive adapted to
be driven by the rotating member. The system also includes
a pump clutch having an input member operatively engaging
the accessory drive and an output member selectively eng-
agable with the mput member, and with the pump clutch
clectronically controllable to select the amount of engage-
ment between the 1nput member and the output member. A
water pump 1s adapted to pump water through the engine and
the radiator, with the water pump operatively engaging the
output member to be driven thereby. Also, a controller
operatively engages the pump clutch to thereby adjust the
amount of engagement between the input member and the
output member according to predetermined operating con-
ditions.

The present 1invention further contemplates a method of
cooling an engine, having a rotating member and a radiator,
in a vehicle, the method comprising the steps of: driving an
accessory drive with the rotating member; driving a water
pump clutch mput shaft with the accessory drive; monitoring
predetermined engine and vehicle operating conditions;
selectively changing the degree of engagement of a water
pump clutch output shaft with the water pump input shaft
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based on the engine and vehicle operating conditions; and
driving a water pumping mechanism with the water pump
clutch output shaft.

An embodiment of the present invention provides a
system that automatically adjusts the flow rate through the
engine cooling system via a viscously clutched water pump
driven off of the engine. The flow path can be adjusted via
an electronically controlled flow control valve, and further
thermal management can be obtained via an electronically
controllable engine fan.

An advantage of the present invention is that a viscous
clutched water pump reduces the electrical power draw from
that of a motor driven pump, allowing an advanced engine
cooling system to be employed without the need to greatly
increase a vehicle charging system capacity.

Another advantage of the present invention 1s that the
water pump speed can be controlled independent of the
engine speed (below pulley speed).

An additional advantage of the present invention 1s that
the pump clutch 1s configured so that the clutch fully
engages 1f the power to the clutch 1s lost. This allows for a

fail safe to ensure that engine damage due to overheating
will not occur if electrical power to the pump clutch 1s lost.

Still another advantage of the present invention 1s that the
overall efficiency of the clutched, engine driven water pump
1s higher than an electric motor driven pump due to the
higher losses 1n conversion of mechanical energy 1nto elec-
trical energy by the vehicle alternator, and the conversion of
clectrical energy into mechanical energy by the electric
water pump motor.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic diagram of an engine and cooling,
system 1n accordance with the present invention;

FIG. 2 1s a diagram similar to FIG. 1, but 1llustrating al
alternate embodiment of the present invention; and

FIG. 3 1s a graph illustrating an example of the engine
speed versus the water pump speed depending upon the
amount of clutch engagement.

DETAILED DESCRIPTION

FIG. 1 illustrates an engine 10, which may be employed
for example 1n a vehicle. The engine includes a crankshaft
12, which not only provides power for locomotion of the
vehicle, but 1s also connected to a crankshaft pulley 14 of a
front end accessory drive 16. The crankshaft pulley 14 is
coupled to a drive belt 18. The drive belt 18 1s also coupled
to a driven pulley 20 of the front end accessory drive 16.
While a pulley and belt assembly 1s shown, a different
assembly for transferring torque, such as, for example, a
gear set may also be employed.

The driven pulley 20 1s mounted on an input shaft 22. The
input shaft 22 1s connected at one end to an input to an
electronically controlled viscous clutch 24 for a fan and at its
other end to an electronically controlled viscous clutch 26
for a pump. While the clutches are preferably viscous
clutches (clutches that transfer torque by shearing a fluid),
other types of electronically controllable clutches that are
ogenerally continuously variable between the engaged and
disengaged states can also be employed. An output to the fan
clutch 24 connects to and drives a set of fan blades 28. An
output to the pump clutch 26 connects to and drives a water
pump shaft 30 of a water pump 32, with the shaft 30
connected to a water pump 1mpeller 34.

The pump 32 includes an 1nlet 36 and an outlet 38. The
outlet 38 connects to flow passages in the engine 10, which
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then connect to a coolant passage 40 leading to an 1nlet of
an electronically controlled, four-way valve 42. The coolant
passages arc 1llustrated herein by heavy lines with arrows
indicating the direction of the coolant flow. The four way
valve has four outlets to which the inlet can selectively
connect. A first outlet leads through a radiator coolant inlet
passage 44 to a radiator 46, a second outlet leads through a
degas coolant inlet passage 48 to a degas container 50, a
third outlet leads through a heater coolant inlet passage 52
to a heater core 54, and a fourth outlet leads through a
by-pass coolant passage 56.

The radiator 46 also connects to a radiator coolant outlet
passage 38 that leads to the water pump inlet 36. The degas
container 50 also connects to a degas coolant outlet passage
60 that leads to the radiator coolant outlet passage 58. A
heater coolant outlet passage 62 extends from the heater core
54 to the water pump inlet 36, with the by-pass coolant
passage connecting to the heater outlet passage 62.

A control module 64 is electrically connected to the
engine cooling system 1n order to monitor and control the
engine cooling process. The control module 64 communi-
cates with various subsystems on the engine 10 through
various electrical connections 66. The electrical connections
are 1llustrated herein by dashed lines. The control module 64
also has an electrical connection 68 to the fan clutch 24, an
clectrical connection 70 to the pump clutch 26, and an
clectrical connection 72 to the four way valve 42.

The engine cooling system controls the fan blades 28 by
the control module 64 regulating the fan clutch 24. The
crankshaft 12 transfers torque to the crankshaft pulley 14,
which, 1n turn transfers torque to the driven pulley 20
through the drive belt 18. The driven pulley 20 transfers the
torque to the mnput shaft 22. The mput shaft 22 transfers
torque to the 1nput to the fan clutch 24. The fan clutch 24
includes an input and an output (not shown), with a viscous
shear fluid between the two. The control module 64 opens
and closes a valve (not shown) in the clutch 24, with the
valve controlling the level of viscous shear fluid between the
input and output clutch plates. Depending upon the tluid
level, there may be very little or no torque that 1s transferred
from the input to the output, so the fan blades 28 are not
driven off of the pulley 20, or a large torque transfer, thus
driving the fan blades 28 up to the speed of the pulley 20.
The amount of electrical power transierred from the control
module 64 to the fan clutch 24 does not have to be large
since this power 1s only needed to control the valve—the
actual torque driving the fan blades 28 1s produced by the

engine 10.

This configuration allows for continuously variable fan
speed at or below the driven pulley speed. So, by controlling
the fan clutch 24, the fan speed can be maintained at the
desired rotational velocity, even with variations 1n engine
speed. In order to assure that the desired fan speed can be
maintained for the various engine and vehicle operating
conditions, the pulley ratio can be set so that the necessary
fan speed (and water pump speed) can be achieved through-
out the desired engine operating range. Further, the fan
blades 28 can be stopped when 1t 1s undesirable to draw
additional air through the radiator 46. The control strategy
for the fan 28 1s preferably not an open loop correlation, like
that typically employed with a motor driven fan, since 1t may
be desirable to have the fan 28 run at a particular speed even
with variations 1n engine speed. Consequently, the control
module 64 will require an engine speed 1nput in addition to
the 1mputs that determine the desired fan speed for engine
cooling.

The engine cooling system controls the pump impeller 34
by the control module 64 regulating the pump clutch 26. The
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crankshaft 12 transfers torque to the crankshaft pulley 14,
which, 1 turn transfers torque to the driven pulley 20
through the drive belt 18. The driven pulley 20 transfers the
torque to the mnput shaft 22. The mput shaft 22 transfers
torque to the mnput to the pump clutch 26. The pump clutch
26 1ncludes an 1nput and an output, with a viscous shear fluid
between the two. The torque transfer 1s a function of the
surface area over the shear thickness. The mnput and output
are biased toward one another such that, when the control
module 64 supplies no electrical power to the pump clutch
26, the shear thickness will be a minimum—so maximum
torque 1s transierred from the input to the output, with the
pump 1mpeller 34 rotating at essenftially the driven pulley
speed. The full clutch engagement is illustrated by the
portion of line 95 (FIG. 3) below an engine speed of about
2500 RPMs. There 1s an additional, optional control strategy
that may be employed with the fan clutch 24. When the
engine speed is at or above a certain threshold (for example

about 2500 RPMs, as shown in FIG. 3), the control module
64 will signal the pump clutch 26 to disengage partially so
that the impeller 34 does not spin above a predetermined
maximum. This predetermined maximum 1s a function of the
saturation limit of the radiator 46. In this way, the perfor-
mance versus power consumption 1s optimized at the high
engine speeds. This 1s 1llustrated by the portion of line 95
above an engine speed of about 2500 RPMs.

On the other hand, when the control module 64 supplies
power to the pump clutch 26, coils are energized that open
an mternal valve, forcing more fluid between the mput and
output. The mput and output are pulled farther apart, so the
viscous shearing of the fluid will transfer less torque. The
higher the power supplied, the farther the input and output
are pulled apart, and so the lower the torque transfer. The
control module 64 1s programmed to disengage the pump
clutch 26 to a point where the water pump 32 1s pumping
some predetermined minimum amount of water through the
engine 10 so that, even if the coolant temperature 1s low, the
coolant will flow enough to assure that no damage causing
hot spots will occur within the engine 10. This minimum
water pump speed 1s shown as line 97 1n FIG. 3.

The pump clutch 26 operates the opposite of the fan clutch
24 so that, should the control module 64 fail to signal the
pump clutch 26, the pump 32 will still force water through
the system 1n order to assure that the engine 10 does not
overheat. Once again, the amount of electrical power trans-
ferred from the control module 64 does not have to be large
since this power 1s only needed to pull the input and output
farther apart—the actual torque driving the pump 1mpeller
34 1s produced by the engine 10. Also, one will note that,
while the fan blades 28 and water pump impeller 34 are
driven by the same 1nput shaft 22, the output speed of each
can be 1independently controlled.

The operation of the engine cooling system will now be
described. The control module 64 monitors and adjusts the
engine temperature by using multiple mputs from an engine
control system, and other sensors to constantly minimize the
current temperature error from the currently desired oper-
ating temperature. The factors for determining the current
desired engine temperature may be the engine load, ambient
environmental conditions, passenger compartment heat
demand, and the other vehicle operating conditions, such as,
for example, air conditioning head pressure, ambient air
temperature, vehicle speed, heater demand 1n the passenger
compartment, throttle position, engine speed, and ignition
key position. The particular engine temperature being tar-
oeted may be coolant temperature or cylinder head
temperature, as 1s desirable for the particular engine cooling
system.
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Preferably, the control module 64 uses a hierarchy to
minimize the overall energy consumption of the cooling
system while achieving and maintaining the currently
desired operating temperature. For example, 1f the engine
temperature 1s too high, the control module 64 first adjusts
the flow control valve 42 to provide more flow to the radiator
46. Then, 1f needed, 1t will increase the speed of the water
pump 32 by reducing power to the pump clutch 26. And
finally, if still more cooling is needed, the control module 64
will increase the speed of the fan 28 by increasing power to
the fan clutch 24. Generally, the fan 28 1s only employed
when the water pump cooling capability 1s at 1ts maximum
since the fan 28 is not as efficient at removing heat (per
energy input to the fan assembly) as is the water pump 32.
The position of the flow control valve 42, and hence the
routing of the coolant, 1s controlled by signals from the
control module 64. The valve 42 controls the percentage of
coolant transferred through the radiator 46, by-pass line 56,

degas container 50, and heater core 54.

For engine cooling operation when the coolant tempera-
ture 1s too low, such as with a cold start, for example, the
control module 64 will bring the engine temperature up
quickly by energizing the pump clutch 26 to minimize the
coolant flow, adjusting the flow control valve 42 to send the
coolant through the by-pass 56 rather than the radiator 46,
and de-energizing the fan clutch 24 1n order to stop the fan.
Thus, an overall control of the engine temperature and
heating system control can be obtained while minimizing the
additional electrical load on the vehicle electrical system.

FIG. 2 illustrates an alternate embodiment of the present
invention. Since most of the components are unchanged
from the first embodiment, these are referred to by the same
clement numbers—only the modified or added elements are
orven 100-series reference numbers. In this embodiment, the
fan blades 28 are driven by an electric motor 124, which 1s
controlled by the control module 164 via electrical connec-
tion 168. While this configuration will have more overall
clectrical power draw than the first embodiment, it provides
for additional control over the fan operation. This embodi-
ment also 1llustrates a vehicle that includes an air condition-
ing system. This system has a refrigerant compressor 176,
driven by the crankshaft pulley 14 via a compressor pulley
178. The compressor 176 connects to a condenser 180, via
a refrigerant line 182. In FIG. 2, refrigerant lines are
illustrated as dot-double-dash lines. The condenser 180 is
mounted adjacent to the radiator 46 so that air drawn through
the radiator 46 by the fan 28 will also be drawn through the
condenser 180. The refrigerant system also includes a
receiver/dryer 184, expansion valve 186, and evaporator

188, connected by refrigerant lines 190, 192, 194 and 196
respectively.

The operation of this engine cooling system 1s very
similar to that in the first embodiment, with two main
differences. First, the control module 164 will send increas-
ing power to the fan motor 124 to increase the fan speed.
Also, the control module 164 may start the fan 28, when
needed for the air conditioning system condenser 180, even
though the fan 28 i1s not needed at that time for engine
coolant cooling. The control module 164 can then adjust the
water pump speed and/or the flow control valve 42 to
account for the increased cooling effect of the fan 28 on the
engine coolant. In addition, the fan motor 124 can be
energized after the engine 10 1s turned off 1n order to provide
additional cooling 1f the engine 1s very hot when 1t 1s turned

off.

While certain embodiments of the present invention have
been described 1n detail, those familiar with the art to which
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this 1nvention relates will recognize various alternative
designs and embodiments for practicing the invention as
defined by the following claims.

What 1s claimed 1s:

1. A cooling system for controlling the temperature of an
engine, with the engine having a rotating member, the
cooling system comprising;:

a radiator;

an accessory drive adapted to be driven by the rotating
member;

a pump clutch having an input member operatively engag-
ing the accessory drive and an output member selec-
tively engagable with the input member, and with the
pump clutch electronically controllable to select the
amount of engagement between the 1nput member and
the output member;

a water pump adapted to pump water through the engine
and the radiator, with the water pump operatively
engaging the output member to be driven thereby; and

a controller operatively engaging the pump clutch to
thereby adjust the amount of engagement between the
input member and the output member according to
predetermined operating conditions.

2. The cooling system of claim 1 wherein the input
member of the pump clutch 1s engagable with the output
member through viscous shear.

3. The cooling system of claim 1 further including an
engine fan located adjacent to the radiator and having a fan
input shaft; and an electric motor connected to the fan input
shaft, and with the electric fan motor electrically connected
to the controller to be driven thereby.

4. The cooling system of claim 1 wherein the engine
includes a coolant outlet; and wherein the cooling system
further includes a flow control valve having an inlet adapted
to be 1n fluid communication with the coolant outlet of the
engine, a first outlet in fluid communication with the
radiator, a second outlet adapted to be 1n fluild communica-
tion with the engine, and a flow director for selectively
controlling the degree of fluid communication between the
flow control valve 1nlet and the first and second outlets, and
with the flow director electrically connected to the controller
to be controlled thereby.

5. The cooling system of claim 4 wherein the flow control
valve includes a third outlet that 1s selectively 1n fluid
communication with the flow control valve inlet through the
flow director; and wherein the cooling system further
includes a heater core 1n fluid communication with the third
outlet.

6. The cooling system of claim 4 wherein the flow control
valve imncludes a fourth outlet that 1s selectively mn fluid
communication with the flow control valve inlet through the
flow director; and wherein the cooling system further
includes a degas container 1n fluild communication with the
fourth outlet.

7. The cooling system of claim 1 wherein the input
member and the output member of the pump clutch are
adapted to be substantially fully engaged when the controller
does not actuate the pump clutch.

8. The cooling system of claim 1 wherein the controller
adjusts the engagement of the input member relative to the
output member based upon a desired speed of the pump
relative to an engine speed.

9. The cooling system of claim 1 wherein the rotating
member 1S an engine crankshatt.

10. A cooling system for a liquid cooled engine having a
rotating member, the cooling system comprising;:
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a flow control valve having a valve inlet adapted to
receive coolant from the engine, and a first valve outlet,
a second valve outlet and a third valve outlet, with the
valve controllable to control the degree of fluid com-
munication between the valve inlet and each of the first,
second and third valve outlets;

a water pump having a pump inlet for receiving coolant
and a pump outlet for pumping coolant through the
cooling system;

radiator having a radiator inlet for receiving coolant

flowing out of the first valve outlet, and a radiator outlet

for returning the coolant to the pump inlet;

a coolant bypass connected between the second valve
outlet and the pump inlet;

a heater core having a heater inlet for receiving coolant
from the third valve outlet, and a heater outlet for
returning coolant to the pump;

an accessory drive adapted to be driven by the rotating
member;

a pump clutch having an input member operatively engag-
ing the accessory drive and an output member selec-
tively engagable with the input member, and with the
pump clutch electronically controllable to select the
amount of engagement between the mnput member and
the output member;

a water pump adapted to pump water through the engine
and the radiator, with the water pump operatively
engaging the output member to be driven thereby; and

a controller operatively engaging the pump clutch to
thereby adjust the amount of engagement between the
input member and the output member according to
predetermined operating conditions.

11. The cooling system of claim 10 further imncluding a
degas container having an inlet and an outlet for returning
coolant to the pump; and wherein the flow control valve
includes a fourth valve outlet for directing fluid to the degas
container 1nlet whereby the controller will control the degree
of fluild communication between the valve inlet and the
fourth valve outlet.

12. The cooling system of claim 10 wherein the input
member of the pump clutch 1s engagable with the output
member through viscous shear.

13. The cooling system of claim 12 wherein the input
member and the output member of the pump clutch are
adapted to be substantially fully engaged when the controller
does not actuate the pump clutch.

14. A method of cooling an engine, having a rotating
member and a radiator, 1n a vehicle, the method comprising
the steps of:

driving an accessory drive with the rotating member;

driving a water pump clutch input shaft with the accessory
drive;

monitoring predetermined engine and vehicle operating

conditions;

selectively changing the degree of engagement of a water
pump clutch output shaft with the water pump input
shaft based on the engine and vehicle operating con-
ditions; and

driving a water pumping mechanism with the water pump

clutch output shatft.

15. The method of claim 14 wherein the step of selectively
changing the degree of engagement includes: selecting a
predetermined minimum water pump output shaft speed for
particular engine operating conditions; and changing the
degree of engagement, when required, to assure that the
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water pump output shaft speed 1s at least as great as the
predetermined minimum water pump shaft output speed.
16. The method of claim 15 wherein the step of selectively
changing the degree of engagement includes: selecting a
predetermined maximum water pump output shaft speed,
and changing the degree of engagement, when required, to
assure that the water pump output shaft speed 1s less than the
predetermined maximum water pump shaft output speed.
17. The method of claim 14 wherein the step of selectively

changing the degree of engagement includes: selecting a 10

predetermined maximum water pump output shaft speed,

5

10

and changing the degree of engagement, when required, to
assure that the water pump output shaft speed is less than the
predetermined maximum water pump shaft output speed.

18. The method of claim 14 wherein the step of selectively
changing degree of engagement of the water pump output
shaft includes: engaging the water pump output shaft with
the water pump input shaft through a viscous shearing of

fluid.
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